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LONG-TERM GOALS 
 
The overall goal of our research is to understand beaked whale foraging and to learn how to alleviate 
acoustic encounters between Navy assets and beaked whales and other deep diving odontocetes.   Un-
derstanding of the characteristics and dynamics of the prey field is critical in understanding the forag-
ing behavior and life cycle of beaked whales.  The movement patterns of any animals are strongly af-
fected by the availability of food resources, so in order to understand the foraging behavior of beaked 
whales, the behavior of the prey, the oceanographic conditions affecting the presence of the prey and 
how the whales interact with the prey field all needs to be better understood. 
 
OBJECTIVES 
 
The goals of our research can be summarized as follows: 

1. estimate the three-dimensional spatial extent of potential prey field 

2. collect synoptic data of beaked whale foraging on the prey field  

3. determine the taxa composition of the prey field 

4. estimate the size and density of the micronekton in the prey field 

5. relate volume scattering coefficient with the density of micronekton in the prey field 

6. correlate relevant oceanographic parameters with the presence of the prey field 

 
The objectives for this past year were: 

1. Obtain a preliminary understanding of the biomass environment in which beaked whales and 
other deep diving odontocetes are foraging by collecting preliminary data with  EK-60 scientific 
echosounder at 38 and 70 kHz 

2. Collect PAM data to determine pattern of foraging for beaked whales and other deep diving 
odontocetes in the Kona coast line 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
30 SEP 2014 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2014 to 00-00-2014  

4. TITLE AND SUBTITLE 
Understanding the Foraging Ecology of Beaked and Short-Finned Pilot
Whales in Hawaiian Waters 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Hawaii Institute of Marine Biology,Marine Mammal Research
Program,46-007 Lilipuna Road,Kane???ohe,HI,96744 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

8 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



2 
 

3. Demonstrate the utility of  the DIDSON high-resolution sonar in obtaining biomass images at  
depth commensurate with typical foraging depth of deep diving odontocetes 

 
APPROACH 
 
Beaked whale research in Hawaii has been conducted mainly in the Kona coast of the island of Hawaii 
and there are an abundance of beaked whales along this coast line (Baird et al., 2006).  The mountains 
of Mauna Kea and Mauna Loa are instrumental in providing a lee so that this area is usually very calm 
and easy to work in.  Funds were not received until January, 2012 and a no-cost extension until Au-
gust, 2013 was approved to accommodate a “piggy back” participation with a NOAA cruise of the Ko-
na coast in June, 2013.  Further funding was not granted until the last quarter of 2014.  However the 
project was barely able to limp along by finding other funding sources for two graduate students and 
by generosity of the Schmidt Oceanographic Institute who provided 5 days for ship time for further 
work on the Kona Coast, in February 2014.  Differences in variables such as the characteristics, dy-
namics, density, diurnal variations of the prey field and how they relate to the presence of beaked 
whales will be examined.  We used three main techniques and tools to determine the distribution and 
abundance of the prey field of beaked whales, to understand the relationship of beaked whales and the 
prey field and to understand how beaked whales interact with the prey field.  The three tools used in 
this study and the manner in which they are used and the type of data they collect are enumerated be-
low. 
 
1. The first tool are three of EARs (operating at 80 kHz sample rate) that were deployed in the study 

area at depths of 1 km.  The EAR data will provide a good indication of the diurnal foraging pat-
tern in each area and also indicate which of these areas beaked whales tend to frequent the most.  
The EARs will be used during the entire study. 

2. The 38 and 70 kHz versions of the Simrad EK-60 scientific echosounder will provide across slope 
and along slope examination of the prey field.  The acoustic volume scattering along the survey 
tracks will be determined and related to density estimate obtained with the profiler discussed in 
the next paragraph.  We will start of with rectangular transects with long legs nearly parallel to 
shore and in water depths between 700 and 1500 m.  Isobaths in the Kona coast of the Big Island 
tend to follow the shape of the shore line. 

3. The third tool will be a specially fabricated profiler to investigate the composition, density and the 
characteristics of the micronekton in the deep layers that beaked whales forage on. The key in-
strument of the profiler will be the DIDSON high resolution imaging sonar and a low- light video 
camera system. 

 
The research during the first year geared towards obtaining basic information on the environment that 
the deep diving odontocetes are foraging in.  To this end, the various tools were used almost inde-
pendently.  Having obtained some basic but important information, the project will begin to use the 
various tools in a more integrated manner.  Three stations will be marked off along the Kona coast 
based on information obtain from the passive acoustic monitoring work done with the EARs.  Before 
each survey field trip, an EAR will be deployed at each station.  EK-60 active acoustic surveys will be 
conducted in the near vicinity of each EAR while visual observers will scan the water for beaked 
whales, short-finned pilot whales and sperm whales.  The DIDSONprofiler will be used to sample the 
prey field at each station.  If marine mammal observers detect whale species of interest, the survey will 
be terminated and a focal following approach will be taken to survey the scattering layers in the vicini-
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ty while the whales are both foraging and not foraging.  The DIDSON profiler will be used at appro-
priate intervals during the focal following process.  At the end of the field trip, all the EARs will be 
retrieved and the data obtained will be coordinated with both the EK-60 and DIDSON data. 
 
The DIDSON profiler will be redesigned so that a low light video camera along with two LED array 
emitting light in the red spectrum will be used.  The profiler will be redesigned for easier use with a 
small vessel rather than a large ocean going ship. 
 
WORK COMPLETED AND PRELIMINARY RESULTS 
 
A five day survey was conducted off the Kona coast of the island of Hawaii was conducted on 
February 18-22 abroad the Schmidt Ocean Institute ship the RV Falkor.  The ship is an state of the art 
oceanographic survey ship with the latest active acoustics echosounders and a suite of oceanographic 
measurment instruments.  The ONR project was able to continue with minimum of funding since the 
availability of the RV Falkor was on a probono basis and although the cruise was a joint School of 
Ocean and Earth Science and Technology at University of Hawaii and Schmidt Ocean Institute project, 
most of the objectives of this ONR project were merged into the objectives of the cruise. A map of the 
stations used in the cruise, which was designated as FK140216, is shown in Figure 1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Map of survey area and stations for the FK140216 cruise off the  

Kona coast Feb 18-22, 2014 
 
The ship was directed along specific transects while the active acoustics were used to obtain echo data 
on the biomass below the ship.  Marine mammal observers were also on the look out for marine mam-
mal sightings.  If any deep diving odontocetes including beaked whales, sperm whales and short-finned 
pilot whales were sighted, the ship was directed over the locations of the sightings.  A small boat was 
launched and a hydrophone deployed overboard to determine if biosonar clicks could be detected as a 
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symbolizing foraging behavior.  The biomass over where the animals were examined with the EK-60.  
If the foraging behavior were detected, the active acoustic files were designated “while foraging.”  The 
ship would return to the same area the next day and echo soundings were conducted to measure the 
biomass when no foraging by whales were observed.  The difference in the biomass properties will be 
compared when marine mammal foraging occurred and when there were no foraging activities.  The 
echo sounding data are presently being analyzed by PhD candidate Adrienne Copeland.  Table 1 de-
tails the acoustic transects collected during FK140216.   All times are reported in UTC. 
 

Table 1: Simrad EK60 transects collected during FK140216 
Date Start time (UTC) End time (UTC) Day/Night Transect 

2/16/14 05:18 8:51 Night F -> E 
2/17/14 17:47 20:50 Day E -> F 
2/18/14 06:33 09:02 Night E -> A 
2/18/14 18:44 22:28 Day A -> C 
2/19/14 05:36 07:42 Night C -> PW 
2/19/14 12:06 15:41 Night C -> A 
2/21/14 02:02 04:19 Day C -> PW 
2/21/14 00:52 03:02 Day E -> EAR1 

 
This section details the DIDSON and CTD operations conducted during the FK140216 cruise off the 
Kona coast of the Island of Hawaii.  During the cruise, nine DIDSON casts were performed together 
with the CTD.  Stations A, C (both during the night and during the day), E (both during the night and 
during the day), EAR1 (both during the night and during the day), and EAR2 (both during the night 
and during the day) were sampled during these casts.  For these casts, the CTD and DIDSON were 
lowered to a specified depth for 20 minutes to allow for collection.  Normally three depth samples 
were collected at each site: the deepest depth sampled was below the deep scattering layers identified 
by the EK60 38kHz frequency; the two shallower depths sampled are within this deep scattering lay-
ers.  The data from these casts were provided to PhD candidate Giacomo Giorli for analysis and possi-
ble future publications.   
 
Five additional CTD casts to 1000 meters were collected at dawn and dusk for Station A, C, and E.  
This data were provided to NOAA for a comparison with past research collections during 2011 and 
2013.  Table 2 details all the casts performed during the FK140216 research trip. All times are reported 
in Coordinated Universal Time (UTC).  During some casts, a power issue caused the DIDSON to turn 
off during operation.  This resulted in a failure to acquire data at some of the stations.  The casts that 
were affected by this problem were: C1 (at 670m and 830m), C2 and E1. 
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Table 2: Vertical casts of FK 140216 

Instruments Station Date Start time 
(UTC) 

End time 
(UTC) 

Depth sam-
pled (m) 

CTD E 02/17/14 16:38 17:31 Vertical cast 
to 1000 m 

CTD A 02/18/14 17:48 18:32 Vertical cast 
to 1000 m 

CTD C 02/19/14 04:35 05:36 Vertical cast 
to 1000 m 

CTD A 02/20/14 04:14 05:01 Vertical cast 
to 1000 m 

CTD C 02/20/14 16:25 17:25 Vertical cast 
to 1000 m 

DIDSON + 
CTD A1 02/19/14 05:37 06:53 480, 670, 730 

DIDSON + 
CTD C1 02/18/14 04:49 06:14 480, 670, 830 

DIDSON + 
CTD C2 02/19/14 14:41 15:37 500, 650, 760 

DIDSON + 
CTD E1 02/17/14 14:00 15:07 480, 660, 760 

DIDSON + 
CTD E2 02/17/14 04:23 05:36 470, 640, 800 

DIDSON + 
CTD EAR1 02/20/14 14:25 14:45 360 

DIDSON + 
CTD EAR1bis 02/21/14 02:44 03:04 480 

DIDSON + 
CTD EAR2 02/20/14 02:10 02:55 480, 570 

DIDSON + 
CTD EAR2bis 02/21/14 14:24 15:11 480, 630 

 
The CTD samples have not been analyzed.  Preliminary analysis of the DIDSON samples has been 
performed at all the stations sampled.  Density of organisms and size distribution were computed for 
station A1 (Fig. 2).  At station A1 mean size of organisms was about 9 cm at all depths.  Of interest, 
there were larger organisms sampled at 730 m.  The density of organisms is 1.6 organisms/m3 at 
480m. At 630m depth the density decreases to less than 1 organism/m3, and it decreases even more at 
730m depth.  
 
At station E2 the mean size of organism detected was about 9 cm at all stations (Fig. 2 left). Organisms 
larger than 30 cm were detected at 470 m and 640 m.  At 470m of depth, the density of the organisms 
at this station was similar to station A1. However, the density of organisms was lower at station E2 for 
the deepest depth sampled, 0.4 organisms/m3 at 630m, 0.2 organisms/m3 at 730m (Fig. 2 right). 
 
Plots similar to Figure 2 and 3 have been created for each station successfully sampled with the DID-
SON. Future steps will include statistical analysis on the results to understand if differences in length 
and density of organisms exist between stations, and between depths.   
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IMPACT/APPLICATIONS 
 
A general understanding of the environment that beaked whales and other deep-diving odontocetes are 
foraging in is progressively being developed as data from the EARs, Ek-60 echosounders and the 
DIDSON are being analyzed.   There seem to be a deep layer present at about 400 – 800 m deep and 
about 50% of the layer migrate vertically on a diunal scale.  The density of organisms between the bot-
tom part of the deep layer and the bottom is relatively low.   Our best understanding is that the prey of 
beaked whales, mainly squids, can generally be found in this depth regime.  The squid probably feed 
on the bottom portion of the deep layer and deep diving odontocetes typically dive to depth beyond the 
deep layer to forage.  One possible reason for this type of behavior is that the organisms of the deep 
mesopelagic layer can represent unwanted reverberations for echolocating animals making it more dif-
ficult to perform biosonar detection, classification and tracking of prey.  Therefore, the density and 
health of the deep scattering layer is an important entity in the foraging behavior of deep diving odon-
tocetes since the prey of these whales will be affected by the state of the deep mesopelagic layer. 
 

 
Figure 2: Size distribution (left) and density estimation (right) at station A1 
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Figure 3: Size distribution (left) and density estimation (right) at station E2. 
 
An important insight obtained during this feasibility phase of this research is the connection between 
DIDSON and EK-60 data.  Fine estimates of the density of organisms in the mesopelagic layer can be 
obtained with the DIDSON and this data can be used to “calibrate” biomass estimates of EK-60 
soundings.  Taking this approach will allow for obtaining better esimate of density of mesopelagic 
organism in the deep layer by EK-60 echosounding surveys.   This in turn may provide information of 
the likelihood of deep diving odontocetes foraging in a particular area of the ocean. 
 
The most important results from this feasibility phase is that the three different type of sensors used in 
this project can provide the most advanced information that will eventually lead to a much better 
understanding of the foraging behvior of beaked whales and also other deep-diving odontocetes. 
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